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Conceptual Figure showing transport of 
iodine species in groundwater. Only the 
more mobile species, I- and low molecular 
weight (lmw) organo-iodine (R-I) species, 
are hypothesized to be mobile. The bacterial 
biomass will likely convert most of the 
inorganic iodine species into lmw-R-I and 
high molecular weight (hmw) R-I. Building 
on observations from an on-going-ERSP 
project (Honeyman, Francis, and Santschi, 
“Pu-Colloids”), we propose here that there 
are two different populations of organic, I-
binding moieties in sediments, those that 
form compounds with I that are: 1) 
“slippery”, lmw, and mobile, and 2) 
“sticky”, hmw, amphiphilic, and immobile, 
leading to, in part, irreversible sorption, 
sorption hysteresis, and sorption losses in 
experimental systems.  

 
Summary: 

129I is among the top three risk drivers for waste disposal at the Yucca Mt., Hanford, and 
Savannah River Sites.  129I is of major concern because of its perceived mobility in the 
environment, excessive inventory, high toxicity, and long half-life (~16 million yrs). Iodine is a 
biophilic element that exhibits a relatively complex chemistry, with iodide, organo-iodine, and to 
a much lesser extent iodate, as the common chemical forms detected in groundwater.  The various 
isotopes of iodine can be strongly bound to macromolecular organic matter (if present), which 
can significantly decrease or increase its transport, bioavailability, and transfer to man, depending 
on the molecular weight and physico-chemical properties of the resulting iodine-organic matter 
species. We contend that the chemical form of iodine, as iodide or organo-iodine (e.g., in the 
form of iodinated, i.e., covalently bound fulvic and humic acids), is significant with respect to the 
mobility of 129I in groundwater. Thus, a key to improved risk assessment and remediation 
strategies for 129I groundwater contamination is a better understanding of iodine interactions with 
natural organic matter in the subsurface. 
The objective of the these experiments is not only to determine the chemical speciation (iodide, 
iodate, organo-iodine) of 129I and 127I in selected groundwater samples from two 129I-contaminated 
DOE sites, but also to investigate the extent that organic matter content, microbial cells and 
exopolymeric substances affect the speciation and mobility of iodine. Three hypotheses are being 
tested through detailed environmental characterization paired with controlled laboratory 
experiments. 

H1 The chemical form of iodine in groundwater is dependent not only on abiotic, but also biotic 
processes. Importantly, these processes must be investigated using environmentally relevant 
iodine and ligand(s) concentrations. 



H2 Iodine mobility through sediment is highly dependent on its speciation; organo-iodine 
mobility can be enhanced or retarded depending on the organic moiety, whereas inorganic 
iodine mobility is largely dependent on its oxidation state. 
H3 Naturally occurring microorganisms present in the Hanford Site and Savannah River Site 
subsurface environment can alter the chemical form of iodine. 

Our experimental approach will determine how microbial activity, concentrations and 
chemical speciation (iodide, iodate, and organo-iodine) of 129I and 127I, as well as organic carbon, 
in selected groundwater samples from contaminated Hanford and Savannah River Site locations 
affect iodine mobility. Controlled experiments will assess the extent and mechanisms of iodine 
uptake by microbial cells and exopolymeric substances. Methods include 16S rRNA gene 
sequencing, FISH, MICRO-FISH, and species-specific DNA probes for microbiology, HPLC, 
CHN, TOC, GC-MS, NMR and AMS for iodine and organic iodine characterization, and use of 
125I radiotracers.   

The benefits and potential impacts of this research to DOE are as follows: Should our 
hypotheses prove correct, as our preliminary evidence suggests, then microbial-iodine interaction 
may have, under specific conditions, a remarkable immobilizing effect on 129I.  It may be possible 
to exploit such an effect for remediation purposes or to include it in risk calculations for long-
term stewardship considerations. Present transport or risk models do not include any microbial 
processes in their treatment of iodine transport, even though the effect(s) may be profound. 
Through the use of advanced analytical techniques and careful controls we will identify and 
quantify the important processes controlling iodine mobility under appropriate subsurface 
environmental conditions in geological end-members within the DOE complex. 
 


